P. SEVENSTER and MARIKE E. VAN ROOSMALEN1) (Dept. of Ethology, Zoological Laboratory, University of Leiden, The Netherlands) (With 4 Figures) (Acc. 7-IX-1984) In this paper we are not dealing with phenomena that have an immediate bearing on the natural life of the stickleback.
The conditioning experiments we want to report on are in the tradition of experimental
psychology. Yet, the experiments have been carried out in an ethological vein in that they took place in a seminatural setting, aiz. a stickleback's territory in a planted tank. In this respect the experiments might be said to deal with the ethology of learning.
It has been shown before that in many ways the three-spined stickleback male is rather ideally suited to experiments on operant conditioning (SEVENSTER, 1968 (SEVENSTER, , 1973 
Material and method
The experiments were carried out in a tank with two compartments separated by a screen. Sand and vegetation were provided as well as some tufts of algae to serve as nesting material. In one compartment (40 x 40 x 40 cm) the experimental male was made to nest. Males came from Tholen or den Helder in the Netherlands. The temperature was kept at roughly 18-20°C. In the opaque screen, dividing the tank, a sliding trapdoor can be raised to uncover a glass window behind which a ripe female is displayed. The trapdoor can be moved electrically, and the female is confined to a container so that she is always 1) Most of the work was supported by the Foundation for Fundamental Biological Research (BION, number 14.10.22), which is subsidised by the Netherlands Organisation for the Advancement of Pure Research (Z.W.O.). visible for the experimental male when the door is pulled up. In the experiments here reported a 10 sec display of the female was our standard reinforcement. By itself, however, the sudden raising of the door, is a frightening event. Therefore, in the first phase of any experiment, both male and female have to become used to it. To faciliate the process the door is raised every now and then and left open until the male approaches the female and she reacts by turning towards him and assuming the head-up posture. After a while both start courting as soon as the trapdoor is pulled up. By then the apparatus is adjusted so that the door is automatically shut after 10 sec. Since the courtship behaviour of both fish becomes very stable, the whole event is a highly standardised reinforcement. In contrast to the usual food reinforcement there is no "satiation" or "habituation", and in most cases it remains effective for hours on end and over periods of many days (for details cf. SEVENSTER, 1968 SEVENSTER, , 1973 . In most experiments a transparent ring is suspended in the male's compartment (of 7 cm inner, 9 cm outer diameter), in such a way that the male will occasionally pass through it, either in the direction towards the screen or in the other direction away from the screen. Passing through the ring away from the screen is the operant response which we used as a standard of reference. The ring is hollow and fitted with 8 tiny light bulbs to illuminate the ring from within. This illumination is used as a discriminative stimulus (S+) to indicate that the response will be reinforced with the 10 sec presentation of the Q . When the ring is dark, (S-) the responses are not reinforced.
Experiment
I: Ringswimming for courtship (0' 4)
In our first experiment periods of S + alternate with periods of S-in each daily session. The periods are of variable duration (from only a few minutes up to 30 min), S-usually longer than S +. The results are summarised in Fig. 1 . The response rate quickly increases in S+periods and decreases in S-periods. Discrimination remains constant after the third session. When the ring-lights are switched on, the male quickly responds, when the lights are switched off he stops responding.
In Fig. 2 the distributions of the latencies until the first ring-passage are given for both S+ and S-periods.
It appears that in S+periods the male always responds within 1 min. In only 19 out of 45 S-periods is there any response at all, and even then the latency is much longer and seldom falls within 1 min. This shows quite rigorously that the fish is actually reacting to the light and not just slowing down its rate of responding when not reinforced and accelerating when reinforced.
The illumination of the ring is therefore a real discriminative stimulus, controlling the response rate. Experiments of this type have been carried out with many males and always the outcome is essentially the same as in this example.
Experiment II: Ringswimming for courtship (0' 15) .
In our second experiment a small point-like lightsource on a fiberglass stick was fixed at some distance (20 cm) from the ring. When this light was on, ring-passages were reinforced, when off, no reinforcements were
